Objectives: Amaryllidaceae alkaloids are well known for their wide range of pharmacological activities. Galanthamine, an Amaryllidaceae alkaloid, is effective, selective, reversible, and competitive cholinesterase inhibitor marketed under the different commercial name in several countries for the treatment of Alzheimer's disease. This work was aimed at studying the alkaloid profiles of the aerial parts and bulbs of both flowering and fruiting periods of Galanthus fosteri Baker (Amaryllidaceae), as well as analyzing their inhibitory activities on both acetylcholinesterase (AChE) and butyrylcholinesterase (BuChE), for the first time.
Introduction
Galanthus fosteri Baker (snowdrop) is a bulbous monocotyledon plant belonging to the Amaryllidaceae family, occuring mainly in the south-and north-central Turkey. 1 
Plants of
Amaryllidaceae family are known to possess alkaloids with diverse chemical structures and a wide spectrum of biological activities such as cholinesterase inhibitory, antimalarial, hepatoprotective, antitumoral, anti-inflammatory and antiviral. [2] [3] [4] [5] [6] [7] Alzheimer's disease (AD), the most common cause of dementia affecting approximately 46.8 million people worldwide, is a neurodegenerative disease that characterized by widespread loss of central cholinergic function. 8 The human central nervous system contains two cholinesterases: acetylcholinesterase (AChE), encoded by a gene on chromosome 7, and u n c o r r e c t e d p r o o f butyrylcholinesterase (BuChE), encoded by a gene on chromosome 3. Although the role of acetylcholinesterase in the cholinergic system is well known, the role of butyrylcholinesterase is poorly understood. However, both enzymes alone are not sufficient for acetylcholine metabolism and cholinergic transmission. [9] [10] Therefore, in the treatment of AD, it is important to inhibit the enzyme acetylcholinesterase as well as butyrylcholinesterase. Galanthamine, the most important alkaloid found in Amaryllidaceae plants, marketed under the commercial name of Reminyl® in Europe and elsewhere and Razadine® in the USA, is used to treat AD owing to its cholinesterase inhibitory properties. 11 It has been found that Amaryllidaceae alkaloids, can be analyzed by GC/MS without any previous derivatization, and they show a mass spectral fragmentation pattern very similar to those recorded. 12 In this study, alkaloid profile of G. fosteri was determined by GC-MS, using both bulbs and aerial parts of flowering and fruiting periods. Also, cholinesterase inhibitory activity potentials of the extracts were examined spectrophotometrically by using a microplate assay modified from in vitro Ellman's method with 96-well micro-plate reader. 
Alkaloid extraction
The alkaloidal extracts were prepared from air-dried and powdered aerial parts and bulbs of G. fosteri Baker to be used in GC-MS analysis and in the anticholinesterase activity assay. Plant material (500 mg) was separately extracted 3 times with methanol (5 mL) at room temperature. The solvent was evaporated under reduced pressure, the residues dissolved in 10 mL 2 % sulfuric acid and the neutral compounds were removed with diethyl ether (3x10 mL).
The acidic aqueous phases were basified with 25 % ammonia to pH 9-10 and the alkaloids were extracted with chloroform (3x10 mL). The combined chloroform extracts were then dried over anhydrous sodium sulphate, filtered and the organic solvent was distilled in vacuo u n c o r r e c t e d p r o o f to afford the alkaloidal extract. 15 The obtained extracts were used for GC-MS analysis and also screened for anticholinesterase activity.
GC-MS analysis
The GC-MS analysis was performed using Thermo GC-Trace Ultra Ver: 2.0., Thermo MS DSQ II (Thermo Fisher Scientific, San Jose, CA, USA) operating in the electron impact mode (EI, 70 eV). The oven temperature was programmed as 80 °C for 1 min, 80-250 °C (10 °C min−1), 250° C for 2 min, 250-300 °C (10 °C min−1) and a 10 min hold at 300 °C. The injector temperature was 250° C. Helium was used as a carrier gas at a flow rate of 0.8 mL Table 2 . The area of the GC-MS peaks depends both on the concentration of the corresponding compound and on the intensity of their mass spectral fragmentation. Also they can be used for a relative comparison of the alkaloids.
Anticholinesterase activity
The alkaloidal extracts of aerial parts and bulbs were tested for their AChE and BuChE inhibitory activities by using 96-well microplate assay modified from Ellman's method at the concentration range of 0.006-600 µg/ml (final concentrations in the assay 0.0015-150 µg/ml). 13, 14 Galanthamine was used as a positive control. The enzyme inhibitory activity was calculated as the percentage compared to the blank. IC50 values were analyzed by the software package Prism V5.0 (Graph Pad Inc., San Diego, CA, USA).
Results

u n c o r r e c t e d p r o o f
A great number of alkaloids that are in the Amaryllidaceous plant extracts has been separated effectively and identified very quickly by GC/MS indicating that this method for chemical analysis is useful and reliable for studies on the alkaloid metabolism in this family. 12, 16 To the best of our knowledge, this is the first report of a GC/MS study on the alkaloids of G. fosteri growing in Turkey. The alkaloid patterns of the samples were normalized and presented as a % of individual compounds in the total alkaloidal mixture based on the deconvoluted peak area ( Table 1 ). The structures of the alkaloids were given in Figure 1 . Totally, twenty-two compounds with mass spectral characteristics of Amaryllidaceae alkaloids were detected in the extracts of aerial parts and bulbs of both flowering and fruiting periods ( Table 1 Table 2 .
Conclusion
The findings of the present study demonstrate the potential of G. fosteri collected in north-central Turkey, as a source of cholinesterase inhibitor compounds with diverse chemical structures of Amaryllidaceae alkaloids. The alkaloidal pattern of the aerial parts and bulbs were dominated by 11-O-acetyl-9-O-demethylmaritidine which has a remarkable AChE and BuChE inhibitory activities with IC50 values of 6.04 µM and 29.72 µM, respectively. Also, incartine is the main alkaloid in bulbs which has shown low anticholinesterase activity. 24 The number of alkaloids in the bulbs was considerably higher in comparison with the aerial parts.
Generally, lycorine and haemanthamine type alkaloids were major components in the tested samples. Thus, the products of ortho-para' and para-para' oxidative phenolic coupling dominate in samples. Both groups of alkaloids have quite pronounced biological activities. antibacterial, analgesic and anti-inflammatory activities. [27] [28] [29] [30] The highest anticholinesterase activity was shown in the aerial parts of fruiting period, which have the highest relative amount of galantamine. Also, the highest BuChE inhibitory activity was detected in the bulbs of the same period which has the most number of lycorine type alkaloids. Compared to the other Galanthus species 31, 32 in which both activities were performed, the aerial parts of fruiting period is taking attention with its high AChE inhibitor activity, while BuChE inhibitor activity has similar values.
In conclusion, the present study clearly suggests that GC/MS is an appropriate method for the rapid analysis of the qualitative and relative amounts alkaloid composition in G. fosteri specimens which have diverse alkaloid structures and anticholinesterase activity. 
